Nucleotide hydrolysis and protein conformational changes in Azotobacter vinelandii nitrogenase iron protein: defining the function of aspartate 129.
The biological reduction of dinitrogen catalyzed by nitrogenase requires the hydrolysis of a minimum of 16 MgATP for each N2 reduced. The present work examines the role of a strictly conserved aspartic acid residue of nitrogenase iron protein (Fe protein) in coupling MgATP hydrolysis to electron transfer and substrate reduction. The aspartic acid residue at position 129 in the Azotobacter vinelandii Fe protein has been suggested to participate in nucleotide interactions from its location in the X-ray structure near several amino acids previously identified to participate in nucleotide binding and protein conformational changes. The function of this amino acid was probed by changing aspartic acid to glutamic acid (D129E) and asparagine (D129N) by site-directed mutagenesis. The D129N Fe protein proved to be unstable and could not be purified. Characterization of the purified D129E Fe protein revealed a central role for Asp 129 in the nucleotide-induced protein conformational changes in the Fe protein and possibly in the mechanism of MgATP hydrolysis. Data from EPR, circular dichroism spectroscopy, and Fe2+ chelation rates and the chemical shifts of isotropically shifted protons in the 1H NMR spectra implicate Asp 129 in the nucleotide-induced conformational changes in the Fe protein, which are reflected in changes in the environment of the [4Fe-4S] cluster. The D129E Fe protein was found to bind both MgATP and MgADP with high affinity. The Kd determined for MgADP binding (Kd = 131 microM) was comparable to that found for wild-type Fe protein (128 microM). The affinity for MgATP binding was 1.6 times tighter than that for wild-type Fe protein (370 compared to 580 microM). The midpoint reduction potential of the [4Fe-4S] cluster was similar to that determined for the wild-type Fe protein (-290 mV for wild-type Fe protein and -300 mV for D129E Fe protein). Upon the addition of MgATP or MgADP, the midpoint potentials for wild-type and D129E Fe proteins shifted to -430 and -440 mV, respectively. The D129E Fe protein was also found to bind to the molybdenum-iron protein (MoFe protein) with normal affinity, although it could not support electron transfer to the MoFe protein or MoFe protein-stimulated MgATP hydrolysis.